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Abstract 

Background:  The alertness and practice of health care providers (HCPs) in the correct management of suspected 
malaria (CMSM) (vigilance) is a central component of malaria surveillance following elimination, and it must be estab-
lished before malaria elimination certification can be granted. This study was designed to develop and validate a rapid 
tool, Simulated Malaria Online Tool (SMOT), to evaluate HCPs’ practice in relation to the CMSM.

Methods:  The study was conducted in East Azerbaijan Province, Islamic Republic of Iran, where no malaria transmis-
sion has been reported since 2005. An online tool presenting a suspected malaria case for detection of HCPs’ failures 
in recognition, diagnosis, treatment and reporting was developed based on literature review and expert opinion. A 
total of 360 HCPs were allocated to two groups. In one group their performance was tested by simulated patient (SP) 
methodology as gold standard, and one month later by the online tool to allow assessment of its sensitivity. In the 
other group, they were tested only by the online tool to allow assessment of any possible bias incurred by the expo-
sure to SPs before the tool.

Results:  The sensitivity of the tool was (98.7%; CI 93.6–99.3). The overall agreement and kappa statistics were 96.6% 
and 85.6%, respectively. In the group tested by both methods, the failure proportion by SP was 86.1% (CI 80.1–90.8) 
and by tool 87.2% (CI 81.4–91.7). In the other group, the tool found 85.6% (CI 79.5–90.3) failures. There were no signifi-
cant differences in detecting failures within or between the groups.

Conclusion:  The SMOT tool not only showed high validity for detecting HCPs’ failures in relation to CMSM, but it 
had high rates of agreement with the real-world situation, where malaria transmission has been interrupted. The tool 
can be used by program managers to evaluate HCPs’ performance and identify sub-groups, whose malaria vigilance 
should be strengthened. It could also contribute to the evidence base for certification of malaria elimination, and to 
strengthening prevention of re-establishment of malaria transmission.
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Background
The performance of health care providers (HCPs) in 
the management of suspected malaria is important for 
malaria control and elimination programs [1, 2]. Cor-
rect management of suspected malaria (CMSM) includes 
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recognition, early diagnosis and prompt treatment with 
appropriate anti-malarial drugs aiming, as a minimum, to 
prevent severe disease and fatal outcomes [3, 4]. In elimi-
nation programs and after elimination has been achieved, 
correct case management should also include rapid noti-
fication, which may trigger a response to manage any 
transmission risk associated with the case [5].

Nevertheless, CMSM remains a significant short-
coming in many settings [6]. In particular, it is possible 
that in low transmission areas and countries progress-
ing towards elimination, HCPs’ awareness may decrease 
due to the low incidence of malaria cases. Consequently, 
the absence of reported malaria cases may not necessar-
ily mean that malaria is eliminated [1]. The alertness of 
general health services to malaria, known as vigilance, 
is a central component of malaria surveillance following 
elimination, and it must be established before malaria 
elimination certification can be granted [7]. The World 
Health Organization (WHO) malaria elimination guide-
lines include the indicator “percentage of patients with 
suspected malaria who received a parasitological test”, 
but provide no advice on measurement of the denomina-
tor [5].

The ideal method for assessing HCPs’ practice in rela-
tion to CMSM would be the observation of their perfor-
mance when faced with real malaria patients. However, 
in countries close to elimination, these are so rare that 
such observation, while important, cannot provide a rep-
resentative picture. Therefore, the next best assessment is 
observation of HCPs’ practice when faced with persons 
who simulate cases of suspected malaria. This methodol-
ogy could be used in both low and high transmission set-
tings but is likely to be costly on a large scale.

The study reported here aims to develop and validate 
a rapid survey tool called Simulated Malaria Online Tool 
(SMOT) for assessment of HCPs’ practice in relation 
to CMSM through comparison of HCP performance 
according to the tool with performance when faced with 
a person simulating suspected malaria. A validated rapid 
tool for assessing HCPs’ practice will be useful for assess-
ing whether the current malaria surveillance system is 
able to detect, manage and report any new malaria case 
to the public health authorities; in other words, whether 
the surveillance system includes effective vigilance, which 
in combination with other measures can prevent the re-
establishment of malaria transmission [7].

Methods
Study design and setting
The study was conducted in two phases during 2020–21 in 
a historically low malaria transmission area, East Azerbai-
jan Province of Iran, where no locally transmitted malaria 
case has been reported since 2005 [1]: Phase 1, developing 

a new tool, and Phase 2: implementation: evaluation of the 
tool in real life. The study population was HCPs to whom a 
febrile suspected malaria case might present in East Azer-
baijan Province. Different groups of providers such as fam-
ily physicians, physicians in hospital emergency rooms, 
private practitioners and specialists, and community 
health workers (CHWs) were included.

Phase 1: SMOT tool development
Literature review
Several instruments/questionnaires have been developed 
to assess the management of malaria cases. However, 
due to the rarity of malaria cases in low transmission 
areas and/or countries in the elimination phase, there is 
a need for a tool that can simulate the real situation to 
determine what/how HCPs do when faced with a case of 
suspected malaria. Therefore, we carried out a systematic 
search through Medline, Web of Science, Scopus, and 
Embase up to 30 December 2020 to obtain relevant pub-
lished records in English documenting the most relevant 
case history (description) of suspected malaria as well 
as clinical algorithms for suspected malaria recognition, 
diagnosis, and treatment.

The eligible studies included clinical algorithms, educa-
tional or practical malaria-related guidelines and reports, 
patient flow, signs and symptoms with high sensitivity 
and specificity in malaria case detection and diagnosis. 
The search results were used together with other inputs 
as described below to develop the contents of the tool to 
be compatible with suspected malaria.

Expert opinion involvement
The first draft of the SMOT tool was developed and 
reviewed by six experts with different expertise in malaria 
research, prevention, control and elimination at national 
(Iran and East Azerbaijan Province) and international lev-
els (WHO). The members of the expert panel had expe-
rience in preparation of guidelines for malaria control 
and elimination. Records obtained from the literature 
review were combined with expert opinion for tool gen-
eration. The following criteria were considered for the tool 
development:

- It should be rapid, short, and easy to use.
- It should mimic a real suspected malaria case and 
include all steps and criteria in the management of 
suspected malaria: recognition, diagnosis, treat-
ment, and notification.
- It must detect HCPs’ failures in suspected malaria 
case management with high sensitivity.
- It can be used through online, email, and virtual 
networks.
- It and its application should be inexpensive.
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Health care providers’ feedback
The initial online version of the SMOT tool, in Per-
sian, was shared among ten field-experienced experts, 
who provided comments for improving the tool. They 
included one infectious disease specialist, one epidemi-
ologist, three family physicians (MD), two staff experts 
in the Department of Infectious Diseases (MSc and BS), 
two community health workers, and one health educa-
tion specialist (PhD). All of them provided constructive 
feedback on the tool, including order of questions and 
scenarios, how to articulate questions to simulate SP 
methodology, to obtain HCPs performance in addition to 
awareness, clarification, and simplification of questions, 
and modification of scenarios. After the experts had filled 
out the tool, the following open questions were asked 
through face-to-face interview:

•	 Is the order of the questions or scenarios appropri-
ate?

•	 Are the symptoms and descriptions mentioned in the 
questionnaire compatible with suspected malaria?

•	 Can the questionnaire assess the actual practice and 
situation when a suspected malaria case reports to a 
HCP?

•	 In your opinion, what changes should be made in the 
way of expressing and asking questions?

Content and application of the SMOT tool
The tool was designed to evaluate four practices in 
CMSM: (a) recognition of a suspected malaria case, (b) 
malaria testing and/or prescription of a correct malaria 
diagnostic test, (c) prescription of appropriate anti-
malarial drugs, and (d) notification and/or submission of 
an urgent report of a confirmed malaria case.

Figure 1 shows the SMOT flowchart. The tool mimics 
a febrile suspected malaria case presenting in an area, 
where there is no longer any malaria transmission, so that 
the case must have a history of travel to a malaria risk 
area. It is designed so that every question comes up based 
on the previous responses. For example, the details of the 
travel history are triggered if the respondent responds to 
the previous question(s) by asking about travel history. 
Answers to the tool questions and scenarios were open. 
There was no word limit for the responses to the SMOT 
questions. The details and sequence of the questions were 
as follows.

	 1.	 A patient aged 22  years, previously healthy, who 
complains of fluctuating fever and chills for the 
past two days. At present, the axillary temperature 
is 37.6  °C and the case has headache, backache, 
fatigue, nausea, and loss of appetite. On physi-

cal examination, nothing abnormal is found. The 
pulse is 76 and there is no anemia. Two PCR tests 
for Covid-19, one week apart, were negative, and a 
chest X-ray did not show any lesions. The results of 
para-clinical tests and evaluation of clinical symp-
toms rule out Covid-19 infection (see Fig. 1: S1).

	 2.	 What is your next step for this patient? (S2). If 
travel history was asked, the respondent was 
directed to S6 and given the following information: 
The patient has a travel history with a two-week 
stay on vacation or work in tropical Africa and 
returned to Iran through Dubai three weeks before 
the fever started.

	 3.	 If travel history was not asked, the respondent was 
asked: what is your differential diagnosis? (S3).

	 4.	 Subsequently, the respondent was told: To get the 
correct diagnosis, you may need more examina-
tions or interview with the patient, or you may 
want to take several steps. What action or meas-
ures do you take to obtain the most likely diagno-
sis? Please indicate the exact term for the action 
or actions (S4). If the respondent now asked for 
travel history (S5), then s/he was directed to S6 (see 
above). If the respondent did not ask about travel 
history, s/he was directed to S7.

	 5.	 You may suspect several diseases. Based on the 
symptoms and history mentioned, and the test 
results, which disease(s) is/are your most likely 
diagnosis? (S7).

	 6.	 Which diagnostic test(s) do you prescribe based on 
your most likely diagnosis or diagnoses mentioned, 
in the previous question? (S8). (The aim of this 
question was to evaluate, if the provider prescribed 
malaria diagnostic test(s).

	 7.	 The case has malaria infection with laboratory-
confirmation for falciparum malaria. What are 
your next step(s)? (S9). This information was pro-
vided, even if the respondent had failed in suspect-
ing malaria and been classified as a failure on crite-
rion (a).

	 8.	 What test(s) or exam(s) do you prescribe to diag-
nose malaria and its type of parasite? To which lab-
oratory/center do you refer a patient with malaria 
for a diagnostic test? Within how long a period do 
you want to have the test results for this patient 
available to you? Please also specify the unit of 
duration (such as hour, day, or month …) (S10).

	 9.	 In your opinion, if there is a need to prescribe a 
drug, state the exact name of the drug or drugs, 
dose, and duration of its use. How will you provide 
anti-malarial drugs? (S11) (Note: If you are a non-
physician, it is not necessary to answer these ques-
tions).
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(S1) Case history: A patient aged 22 years, previously healthy, who complains of 
fluctuating fever and chill for the past two days. At present, the axillary temperature is 
37.6 and the case has a headache, backache, fatigue, nausea, loss of appetite. On 
physical examination, nothing abnormal is found. The pulse is 76 and there is no anemia 
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Fig. 1  Flowchart of SMOT tool performance for detecting respondents’ failures in CMSM (S1–S12: Stage)
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	10.	 What other action or measures related to a con-
firmed malaria case do you think you need to take? 
(S12).

The tool link was sent through email and/or virtual net-
works. Respondents were aware that they were undergoing 
an assessment but not that it was about malaria. When-
ever a participant had completed the tool, the investiga-
tor was alerted by email and provided the details of all the 
responses.

The data received was entered into the software. 
Responses were evaluated by one of the investigators (HA) 
who worked in the health system (unit for disease control/ 
malaria expert). The presence of outliers, bias or impreci-
sion was assessed before data entry. The tool categorized 
respondents into two main groups (failure, and pass). 
Respondents were included in the “failure category” if their 
answers failed in at least one of the four criteria (a), (b), (c) 
and (d). As shown in Fig.  1 and explained above, down-
stream measures could be assessed, even if a respondent 
failed in the prior criteria.

Content validity
The final version of the SMOT tool was shared among 
10 experts, who were asked to rate instrument items in 
terms of clarity and relevance to the underlying construct 
on a 4-point ordinal scale: (1) not relevant, (2) somewhat 
relevant, (3) quite relevant, (4) highly relevant. To obtain 
Content validity index (CVI), the number of experts who 
assigned a rating of 3 or 4 to the relevance of each item was 
divided by the total number of experts.

Regarding Content validity ratio (CVR), the experts were 
requested to specify whether an item is necessary for oper-
ating a construct in a set of items or not. To this end, they 
were asked to score each item from 1 to 3, not necessary, 
useful but not essential, and essential,‏ respectively. The con-
tent validity ratio is computed as CVR = (Ne–N/2)/(N/2), in 
which the Ne is the number of panelists indicating “essen-
tial” and N is the total number of panelists. The numeric 
value of CVR was determined by Lawshe Table. CVR varies 
between –1  and 1. A high score indicates a higher degree 
of agreement on the necessity of an item. The necessity of 
the tool is confirmed if the overall score is above 0.7 [8, 9].

Phase 2: Implementation; evaluating the tool 
by comparison with simulated patients
Definition and presentation of the Simulated Patient method 
as a gold standard
Simulated Patient (SP) technique was used as a gold 
standard to estimate the validity of the tool in compari-
son with SP (sensitivity of the tool in detecting HCPs’ 
failures in CMSM, and detected failure proportions (p) 
by the tool and SP methodologies). Simulated Patients 

a.k.a. standardized patients, surrogate patients, or mys-
tery patients are healthy persons trained for role-playing 
as a case of the condition of interest. SP methodology has 
been used as gold standard and in medical education in 
several studies [10–12]. The scenarios for SP methodol-
ogy were generated based on our literature review and 
malaria expert inputs, tailored to assess HCPs’ readi-
ness and practice in low or no malaria transmission areas 
[1, 7]. As with the tool, the suspected case would have 
acquired the infection elsewhere.

Definitions of failures in the correct management 
of suspected malaria (CMSM)
A HCP encountering a suspected malaria case was con-
sidered a failure, if one or more of the following criteria 
were fulfilled [13]:

(a)	 Does not elicit a travel history and does not per-
form or request a diagnostic test for malaria. How-
ever, the exceptional case, where a provider has a 
patient tested without a travel history is accepted as 
a pass;

(b)	 Does not channel the patient with suspected 
malaria to have appropriate diagnostic testing per-
formed within 24 h of the encounter;

(c)	 Does not ensure appropriate treatment within 12 h 
after a test result positive for malaria;

(d)	 Does not report the case to the appropriate public 
health authority within 12 h after a test result posi-
tive for malaria.

The failure definitions are almost identical to those 
applied with the SMOT, but the SP methodology did not 
allow for the possibility of telling the respondent that the 
patient had falciparum malaria if s/he had not had the 
patient tested. Thus, with the SP methodology, criteria 
(b), (c) and (d) could only be assessed for respondents, 
who passed on (a).

Personnel and role‑playing for the SP methodology
The SP cases were trained university students (engi-
neering, law, education, language, literature). The study 
excluded students of medicine or biology, as they could 
easily be drawn into a discussion about diagnostic 
options. The study included 10 SP persons since malaria 
experts and authors reached consensus that one SP per-
son could role-play a suspected malaria case for 18 HCPs 
(in all 180 HCP participants).

HCPs were not informed of SP cases, and they pro-
vided care and treatment as usual for other patients. 
The details of the role-play and observations to be 
recorded by the SPs were as follows:
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The SP case history was compatible with tool meth-
odology and described the following signs and symp-
toms: fever going up and down for the last two days, 
but absent at presentation, accompanied by headache, 
backache, fatigue, nausea, loss of appetite, with no 
other symptoms. If a provider prescribed a Covid-19 
test, a negative result was provided.

Recognition The provider must extract the travel his-
tory to make an accurate diagnosis. If the provider 
asked about the travel history, the SP responded travel 
history and two-week stay on vacation or work in 
tropical Africa and return to Iran through Dubai three 
weeks before the fever started. All questions and prac-
tices of the provider were observed and noted after the 
encounter(s). The SP had to pay attention to:

•	 Travel history:  yes/no; if yes, for how long does it 
cover?

•	 Mention of malaria as diagnostic possibility: yes/no
•	 Referral for medical care? If yes, where?
•	 Consultation with specialists? Who at which insti-

tution?

Diagnosis: If malaria or any other diagnostic tests 
were prescribed by the provider, the following elements 
were observed by the SP:

•	 What kind of diagnostic test(s) were performed?
•	 Where was the test performed (name the institu-

tion/laboratory)?
•	 How many hours would it take before the test 

result were available from the time, when the test 
was ordered or the patient referred?

Treatment If malaria diagnostic test(s) had been 
prescribed, the SP was in 50% of cases equipped with 
a fake positive result issued by the most used refer-
ence laboratory in the area based on an arrangement 
made by the investigators with that laboratory. The SP 
viewed and audited the therapeutic practice of the pro-
vider, and the following elements were recorded after 
finishing the visit: anti-malarial prescriptions (dosage 
and type), consultation with specialists, time interval 
between malaria testing and the start of treatment, and 
hospitalization.

Reporting This could take place in the absence of the 
SP cases. Therefore, we checked at the healthcare insti-
tution that would normally receive the disease report, 
whether the SP has been reported. We ensured that the 
SP was not counted in the national malaria statistics.

Data collection (in SP methodology)
A 2-section paper form was applied. The first section 
was filled out through interview with SPs after every 
single visit by the SP volunteer to the HCP. The second 
was completed by monitoring the provider’s behaviour 
including timeliness for up to 48 h after the visit by the 
SP volunteer through checking the public health system 
(unit for disease control) to obtain any malaria notifi-
cation and prescribed anti-malarial drugs through the 
SP volunteer’s insurance booklet and/or prescription 
to evaluate the correct malaria testing and treatment 
practices.

Indicators to measure the validity of the tool in comparison 
with SP methodology in detecting HCPs failures 
in the correct management of suspected malaria
The study used four indicators to estimate the validity of 
the SMOT tool in comparison with SP methodology, as a 
gold standard, in detecting HCPs failures in the CMSM. 
Table 1 shows indicators definition and calculation in the 
current study in detail.

The study design and sampling to estimate the validity 
measures of the tool in comparison with SP
Health care provider sampling and allocation in two groups 
of A and B
HCPs were stratified by category and then randomly 
assigned to two groups, A and B, as described in detail 
below. Providers in group A were assessed by SP method-
ology and after one month, by the tool methodology. In 
group B, providers were assessed only by the tool meth-
odology (Fig. 2).

In the first stage, all eligible HCPs in East Azerbaijan 
Province were stratified into five strata: general Medi-
cal Doctors (MDs) in public healthcare centers, MDs in 
hospital emergency rooms, MDs in private clinics, spe-
cialists, and CHWs [36]. The medical specialists were: 
Infectious, Internal, and Emergency Medicine.

The probability of providing care for suspected malaria 
cases in each stratum was determined based on expert 
opinion through a consensus meeting and examination 
of records of confirmed malaria cases in the study area. 
Then, 360 HCPs were randomly selected from the strata 
including 92 MDs in public health care centers, 68 in 
emergency rooms, 60 in the private clinics, 60 specialists, 
and 80 CHWs.

In the second stage, HCPs in each stratum were ran-
domly assigned to two groups, A and B, with equal 
numbers from each stratum allocated to each group. 
Additional details for sampling and allocation are shown 
in Fig. 2.
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Sample size
The sample size was estimated based on Sakpal’s study 
on sample size determination in randomized controlled 
design [16] by setting α = 0.05, β = 0.2, the failure pro-
portions of the providers through SP and tool method-
ologies respectively p1 = 0.2, and p2 = 0.1; the sample 
size was 180 for each group.

Validity measures of the tool in comparison with SP
Comparison 1 (of failure proportions of the tool and SP in two 
intendant groups of providers, A and B).
In group A, SP methodology was applied to determine 
the proportion, p1, of providers, who failed as defined 
above by criteria (a–d). In group B, tool methodol-
ogy was applied without previous exposure to SP to 
determine the proportion, p2, of providers, who failed 
by the same definition. The comparison of p1 with p2 
provided an assessment of the performance of the tool 
compared with the gold standard, SP in detecting HCPs 
failures in two independent groups (A and B) of HCPs.

Comparison 2 (sensitivity, specificity and agreement 
of the tool in comparison with SP, within group A)
The HCPs in group A, who had initially been examined 
by SP, p1, were examined by the tool one month later. 

The study estimated the proportion, p3, of providers, 
who failed in CMSM by the tool. Comparing the fail-
ures within group A, considering SP as the gold stand-
ard, the sensitivity, specificity, observed agreement and 
kappa statistics, and likelihood ratios of the tool for 
detection of failures in comparison with SP were esti-
mated as is usually done for comparison of diagnostic 
tests by a contingency table. More details for measuring 
of these indicators was presented in Table 1.

SP

Pass Fail

Tool Pass TN FN

Fail FP TP

Sensitivity is TP/(TP + FN) and specificity is TN/
(TN + FP)

TP True positive; TN True negative; FP False positive; 
FN False negative

Comparison 3 (the comparison of p3, proportion of failures 
by tool in Group A, with p2, proportion of failures by tool 
in Group B
The comparison 3 allowed assessment of the bias (differ-
ence) incurred by performing the tool on providers one 

Table 1  Indicators for estimating the validity of SMOT tool in comparison with SP methodology in detecting healthcare providers’ 
failure in the correct management of suspected

No. Indicator type Definition in the current study

1 Sensitivity and specificity Sensitivity was the ability of SMOT tool to correctly identify HCPs who failed in the 
CMSM; and specificity was the ability of SMOT tool to correctly identify HCPs who 
passed the CMSM

2 HCPs failure proportions (p) Overall proportion (failed) The number of HCPs recognized failed by the tool/SP methodologies in all four 
criteria (a-d) were divided into all tested HCPs

By failure criteria (c, d) The number HCPs recognized failed in sub-failures criteria (a, b, c, d) separately by 
the tool/SP methodologies were divided into all tested HCPs

3 Agreement (reliability) Overall agreement (observed) The proportion of True Positive (TP, real failed) plus True Negative (TN, real passed) 
divided by all values: (a + d)/(a + b + c + d) × 100) [14]

Kappa statistic K was measured inter-tool reliability in non-chance agreement of HCPs failures: 
κ ≡

po−pe
1−pe

 where po is the relative observed agreement between tool and SP, 
and pe is the chance agreement. The K ranged 0 to 1. If the tool and SP are in com-
plete agreement then k = 1 [15]

4 Likelihood ratio (LR) LR+ To measure how much the odds of the failure increase when the tool is positive (HCP 
failure) in comparison with SP methodology, and calculated through Sensitivity

1−Specificity [15]

LR− To measure how much the odds of the pass increase when the tool is negative (HCP 
pass) in comparison with SP methodology, and calculated through 1−Sesitivity

Specificity [15]

(See figure on next page.)
Fig. 2  Healthcare provider’s inclusion, stratification sampling, and assessment of failure proportions in CMSM and assessment of validity and 
sensitivity of the tool. 1. Between groups A and B comparison of SP and tool (p1 with p2). 2. Within group (A) comparison of SP and tool; p1 with p3; 
(sensitivity of tool in comparison with SP). 3.Between group comparison of tool (with itself ), p2 with p3; the difference incurred by performing tool 
one month after SP
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month after the encounter with an SP). If the level of this 
bias was not considerable, the assessment of sensitivity 
and specificity (Comparison 2) could be considered valid 
(Fig. 2).

Comparison 4 (of the SMOT tool and SP by failure criterion 
(a–d)
As explained above, downstream measures includ-
ing criteria (b), (c), and (d) could be assessed through 
the tool, even if a respondent failed in the prior criteria 
since the tool provided a malaria positive test result for 
all respondents. However, in SP methodology, down-
stream measures were evaluated only for the providers 
who passed criterion (a). The evaluation was conducted 
by providing a fake positive test result in 50% of cases. As 
the denominators corresponded to the number of partic-
ipants assessed for each criterion in the two methodolo-
gies, the failure proportions in all criteria (a–d) could be 
compared.

Statistical analysis
SPSS software (version 19.0, Chicago, IL, USA) was used 
for data analysis. Student’s t-test was used for compari-
son of continuous variables, or Mann–Whitney test, 
when data distribution was not normal. Chi-square (χ2) 
test was used to compare failure proportions between 
groups. Fisher’s exact test was used to analyse failure pro-
portions within group A, when at least one cell of a 2 × 2 
table had an expected value below 5.

Agreement percentage and kappa statistic in detecting 
failure and pass cases were calculated between tool and 
SP methodologies. Sensitivity, specificity, and the likeli-
hood ratio (LR) for failure results (LR +) were calculated 
to understand how much the odds of the failure increase 
when a test (tool) is positive (HCP failure) in comparison 
with SP methodology. The LR + and LR  − were calcu-
lated as Sensitivity

1−Specificity and 1−Sesitivity
Specificity  , respectively [34, 35].

Results
Literature review
A total of 447,845 records were identified by the search. 
Of those, 447,474 were removed due to duplication or 
based on title and abstract screening so that 371 studies 
were eligible to be assessed in full text. Finally, only10 
records were selected for tool development based on 
their relevance to recognition of suspected malaria in 
areas with no or very low transmission. Four of these 
were published between 1990 and 1999, three between 
2000 and 2009 and three between 2010 and 2019.

Findings of literature review indicated that patients 
with temperature ≥ 37.5 °C or history of fever, shivering, 

feeling hot, pallor or splenomegaly, vomiting, reduced 
food intake, and absence of rash and cough were com-
mon and reliable signs and symptoms with some sen-
sitivity to predict malaria parasite infection (Table  2). 
However, most of the included studies suggested that 
clinical algorithms have little utility in malaria diagno-
sis (which must be highly sensitive due to the potential 
severity of the disease) and perform even worse in low 
transmission settings and older age groups.

Content validity
Based on expert opinions, the overall necessity of the 
items of the tool was 97.0%. The overall appropriateness 
and clarity of the tool was obtained 96.4%, and 95.0%, 
respectively. The appropriateness and clarity of the tool 
was ≥ 80.0% for all items of the tool.

Baseline characteristics of the HCPs
A total of 360 HCPs (180 in each group) were enrolled. 
In group A, HCPs were examined by the SMOT tool one 
month after SP methodology in order to make a paired 
comparison between SP and the tool. In group B, HCPs 
were evaluated by the SMOT tool. The distributions of 
demographic characteristics and of HCPs by professional 
category and health facility category were well balanced 
between the two groups and there were no significant 
differences (Table 3). The mean age was 38.8 ± 10.2 and 
39.6 ± 10.3 in groups A and B, respectively. The propor-
tion of females was 54.4%. MDs constituted the majority 
at 220 (61.1%) of HCPs.

Validity of the tool in comparison with SP methodology
In group A, HCPs were tested by the SP methodology as 
gold standard, and one month later by the SMOT tool to 
allow assessment of its sensitivity. The sensitivity of the 
tool was 98.7%; (95% CI 93.6–99.3) in comparison with 
SP methodology in detecting failures in CMSM, while 
the specificity was 84.0%; (95% CI 64.1–95.4) (Table  4). 
The overall agreement percentage and kappa statistics 
(non-chance) of the tool and SP methodologies were 
96.6%, and 85.6%, respectively. Kappa statistics indicated 
that the SP and the SMOT tool have more than 85.0% 
agreement after removing chance agreements. The posi-
tive and negative likelihood ratios (LR + and LR −) were 
6.17 and 0.015, respectively. LR + indicated how much 
the odds of the failure (true positive) increase when the 
SMOT tool is positive (HCP failure) in comparison with 
the SP methodology. While LR- indicated that in the true 
pass (true negative) results of the SMOT tool, what is the 
proportion of false negative (false pass) to true negative 
(true pass) in comparison with the SP methodology.
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Table 3  Demographic and baseline characteristics of the healthcare providers by the study groups

Variables Healthcare providers (n = 360) Total P-value

Group A (n = 180)
(SP-tool)

Group B (n = 180) (tool)

Age

 Mean ± SD 38.87 ± 10.2 39.66 ± 10.3 39.27 ± 10.2 0.471

Sex

 Female (57.77) 104 (51.11) 92 196 (54.4) 0.244

 Male (42.22) 76 (48.88) 88 164 (45.6)

 Public community health center (53.33) 96 96 (53.33) 192 (53.33) 0.958

Heath care facility category

 Emergency ward 34 (18.88) 34 (18.88) 68 (18.89)

 Private clinic/facility (16.66) 30 (16.66) 30 60 (16.66)

 Public specialized clinic (11.11) 20 (11.11) 20 40 (11.11)

HCP category

 Medical Doctor (61.11) 110 (61.11) 110 220 (61.11) 0.974

 Specialist (16.66) 30 (16.66) 30 60 (16.66)

 Community health worker (22.222) 40 (22.22) 40 80 (44.44)

Employment/position

 Public contract (17.22) 31 (15.55) 28 59 (16.38) 0.422

 Private contract 45(25) (23.88) 43 88 (24.44)

 Official (36.11) 65 54 (30) 119 (33.05)

 Commitment plan (21.66) 39 (17.77) 32 71 (19.72)

Work experience

 ≤ 6 months 13 (7.22) 16 (8.88) 29 (8.05) 0.722

 7–12 months 8 (4.44) 12 (0.66) 20 (5.55)

 1–2 year 31 (17.22) 32 (17.77) 63 (17.50)

 2–5 year 16 (8.88) 11 (6.11) 27 (7.50)

 5–10 year 29 (16.11) 34 (18.88) 63 (17.50)

 > 10 year 83 (46.11) 75 (41.66) 158 (43.88)

Table 4  Sensitivity and validity of the tool for detection of HCPs’ failures in the correct management of suspected malaria (in Group A 
as a within-group comparison)

CMSM: Correct management of suspected malaria

CI: Confidence interval

Tool Simulated Patient (SP) Total

Pass Fail

Comparison of SP and tool methodologies in detect-
ing HCP failures in CMSM

Pass 21 2 23

Fail 4 153 157

Total 25 155 180

Validity measures Sensitivity 98.7%; (95% CI: 93.6 – 99.3)

Specificity 84.0%; (95% CI: 64.1 – 95.4)

Agreement measures Agreement percentage 96.6%

kappa 85.6%

Likelihood ratio (LR) LR+ 6.17

LR− 0.015
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Comparison of the overall failure proportions 
between group (A and B)
In group A, the overall failure proportion of the providers 
was 155/180 (86.1%; CI 80.1–90.8) and 157/180 (87.2%; 
CI 81.4–91.7) by SP and tool, respectively (Table 5). Like-
wise, in group B, the SMOT tool found the overall failure 
proportion of 154/180 (85.6%; CI 79.5–90.3). Between 
and within group analysis and comparison found no sig-
nificant differences (overlapping CIs) in failure propor-
tions of SP and tool methodologies (P = 0.535 for the 
between group comparison and P = 0.624 for the within-
group A comparison). Furthermore, we found no signifi-
cant difference (overlapping CIs, P = 0.688) in the failure 
proportions measured by the SMOT tool in group A and 
in group B, between-group comparison of the tool with 
itself, (see also Table 5 for more detail).

The highest sensitivity of the tool (100.0%) was 
observed among specialists, CHWs, and emergency 
wards. The failure proportions by subgroup ranged from 
73.3% to 92.5% among different HCP categories; and 
from 73.3% to 94.1% among health facility categories. In 
group A, SP (before) vs tool (after), the highest HCP fail-
ure proportions (92.5% and 92.5%) were found in CHWs, 
while the lowest (80.0% and 76.6%) were found in special-
ists (Table  6). Likewise, in group B, the lowest failures 
(73.3%) were among specialists. Public specialized clinics 

seemed to have better performance than other health 
facilities. The study found no significant differences in 
failure proportions (p) between SP and tool methodolo-
gies nor between the various HCP or health facility cat-
egories (p > 0.05).

Comparison of failure proportions of the tool and SP 
by sub‑failures criteria (a‑d)
The performance of tool and SP methodologies in detect-
ing failures was similar regarding failure proportions for 
all criteria (a–d). There were no significant differences in 
the proportions of failures on criteria (a–d) in the within 
and between groups comparisons of the SP and the 
SMOT tool methodologies (p > 0.05) (Table 7). Regarding 
failure proportions by sub-failure criteria (a–d), failure in 
criterion (a), recognition of suspected malaria, was the 
most common in both SP and tool methodologies (73% vs 
73%), while the lowest proportions of failures were with 
criterion (b): 16.6% and 15.5% in SP and tool, respec-
tively. The pass proportions in the study groups ranged 
between 12 and 15%, and there were no significant differ-
ences in between and within group comparisons.

Discussion
This is the first study known to us for developing and 
validating a survey tool to measure HCPs’ alertness and 
practice in relation to CMSM in an elimination setting. 
The study findings showed that the SMOT tool claims to 
have a very good agreement with the real conditions and 
it can be used instead of the real malaria case in settings 
where there is no malaria cases and/or it is rare, to evalu-
ate HCPs’ performance and malaria surveillance systems. 
Our tool was developed based on a literature review 
combined with expert opinion to be applicable online 
and correspond to an encounter with a patient with sus-
pected malaria. It allows the detection of failures of HCPs 
in CMSM according to four criteria, briefly stated: a, rec-
ognition of suspected malaria, b, diagnostic testing, c, 
appropriate treatment after a positive test and d, report-
ing a confirmed case.

Content validity, appropriateness, clarity, and neces-
sity of the tool items were assessed by standard methods, 
and all found to be above 95.0%; according to expert and 
HCPs’ opinions, the tool content was sufficient.

To estimate the sensitivity and specificity of the tool in 
detecting HCPs’ failures, the study compared results of 
the tool methodology with results obtained by a stand-
ardized SP methodology applied one month earlier to the 
same sample of HCPs. The comparison indicated a sensi-
tivity of almost 99% and specificity of 84%.

The overall agreement of the tool in comparison with 
SP was more than 96%. Application of the kappa statis-
tic showed that the actual (non-chance) agreement of the 

Table 5  Comparison of HCPs failures proportion and 95% CIs 
by tool and SP methodologies in the correct management of 
suspected malaria

HCPs Healthcare providers; p1, p2, and p3 failures Proportion; p1 with p2 
between groups A and B comparison of SP and tool; p1 with p3 within group (A) 
comparison of SP and tool; (sensitivity of tool in comparison with SP); p2 with 
p3 Between group comparison of tool (with itself ); the difference incurred by 
performing tool one month after SP
* Fisher’s exact test
** Chi-square (χ2)

Methodologies 
for assessment 
HCPs

Comparison of 
SP and tool 
(within and 
between 
groups)
P-value

Comparison of 
tool with itself 
(between 
groups A and 
B)
P-value

Group A 
(n = 180)

 SP before p1:
155 (86.1%; 
80.1–90.8)

p1 with p3:
0.624*

p2 with p:
0.688**

 Tool after p3:
157 (87.2%; 
81.4–91.7)

Group B
(n = 180)

 Tool only p2:
154 (85.6%; 
79.5–90.3)

p1 with p2:
0.535**
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Table 6  HCPs’ failure number (percentage) in the correct management of suspected malaria by HCP and health facility category with 
comparison between groups

* Between-group comparison (SP in group A & Tool in group B) of failures by cadre and health facility types
** sensitivity of the tool in detecting HCPs failures (paired comparison between SP and the tool by sub-group)

Failures in the sub-groups Group A (n = 180) Group B (n = 180) P-value*

SP (before) Tool (after) Sensitivity**
(%)

Tool

HCP type

 MD (n = 220)

  Failure 94 (85.45) 97 (88.18) 95.87 100 (90.90) 0.411

  Pass 16 (14.54) 13 (11.81) 10 (9.09)

 Specialists (n = 60)

  Failure 24 (80.00) 23 (76.66) 100.0 22 (73.33) 0.510

  Pass 6 (20.00) 7 (23.33) 8 (26.66)

 CHWs (n = 80)

  Failure 37 (92.50) 37 (92.50) 100.0 32 (80.00) 0.073

  Pass 3 (7.50) 3 (7.50) 8 (20.00)

Health facility type

 Public community health center (n = 192)

  Failure 83 (86.45) 84 (87.50) 97.6 79 (82.30) 0.664

  Pass 13 (13.55) 10 (12.50) 17 (17.70)

 Emergency wards (n = 68)

  Failure 30 (88.23) 30 (88.23) 100.0 32 (94.11) 0.270

  Pass 4 (11.77) 4 (11.77) 2 (5.90)

 Private or self-clinics (n = 60)

  Failure 27 (90.00) 28 (93.33) 96.4 28 (93.33) 0.694

  Pass 3(10.00) 2 (6.77) 2 (6.77)

 Public specialized clinic (n = 40)

  Failure 15 (75.00) 16 (80.00) 93.3 15 (75.00) 0.642

  Pass 5 (25.00) 4 (20.00) 5 (25.00)

Table 7  Number and (percentage) of failures in the correct management of suspected malaria by failure criterion (a–d) and study 
groups

* For criteria b, c and d, the denominator with SP included only respondents, who passed (49) on criterion a, of those, 24 (50%) were evaluated by the fake positive 
results; while with the Tool, it included all respondents

Thus, the denominator for criteria (b) (c), and (d) with the SP column is 24

Failure criterion* Group A (n = 180) P-value (comparison of 
SP and tool within group 
A)

Group B (n = 180) P-value (comparison of SP 
and tool between group)

SP (before) Tool (after) Tool

(a) Not elicit travel history or suspicion of 
malaria

131 (72.77) 131 (72.77) 0.988 126 (70.00) 0.816

(b) Not/inappropriately tested for malaria 4 (16.66) 28 (15.55) 0.387 22 (12.22) 0.446

(c) Not prescribed appropriate anti-malar-
ial treatment

13 (54.16) 101 (56.11) 0.633 98 (54.44) 0.820

(d) Lack of notification 11 (45.83) 93 (51.66) 0.452 89 (49.44) 0.833

No failures criteria (pass) 25 (13.88) 23 (12.77) 0.455 26 (14.44) 0.766
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tool was as high as 85% [17]. The LR+ and LR− were 6.17 
and 0.015, respectively, which indicates high confidence 
for both types of likelihood [18].

A comparison with application of the tool only to 
another random sample of HCPs from the same uni-
verse, who had not been exposed to SPs, indicated that 
the exposure to SP before the tool had not led to any bias: 
The tool showed a failure rate of 87.2% when preceded 
by the SP method against 85.6% in the sample with no 
application of SP. Therefore, in other settings, to assess 
the tool methodology with SP as gold standard, a paired 
comparison with SP in a single sample of HCPs can be 
considered. This will require smaller a sample size than 
the comparison of two independent samples. However, 
the apparent absence of an effect of exposure to a patient 
presenting a positive malaria test was surprising, so this 
result, which could perhaps have resulted from the over-
whelming attention to Covid-19, when the study was car-
ried out, should be interpreted with caution. While the 
study population had been selected to be representative 
of all relevant HCPs in East Azerbaijan Province, it must 
be recognized that their performance was rather uni-
form, with more than 70% failures. It is possible that in an 
HCP population with more varying results, as could be 
expected in an area with higher malaria risk, the corre-
spondence in results obtained by the two methods might 
not be so strong.

Regarding failures on criteria (a–d), the majority 
(72.7%) were observed for criterion (a) (recognizing sus-
pected malaria). This suggests that malaria has disap-
peared from the minds of most providers after the local 
elimination of the disease around 2005 [1]. Still, once 
suspected malaria is recognized, the next steps of case 
management were often done correctly. Therefore, pro-
viding regular simple warnings and education through 
the health care system prioritizing alertness to the possi-
bility of malaria could probably significantly improve the 
management of suspected malaria. The tool could be par-
ticularly useful, when applied at different points in time 
after such education to evaluate the effect and the need 
for refreshment.

The highest failure proportion was found among 
CHWs (92.5%), while specialists had the lowest, but still 
high, proportion (73.3%). Although these differences 
did not reach statistical significance, the trends were as 
expected, thus supporting the validity of the methods.

Other malaria programmes and research institu-
tions might be interested in carrying out similar studies 
with variations in the questionnaire tool and/or the SP 
method. With local adaptation, the tool may be adopted 
in elimination programmes. It may be used to indicate 
geographic areas or HCP categories or health facilities, 
where there is a particularly severe need for intervention. 

The data generated by this tool can also be useful in rela-
tion to malaria certification by WHO. An adaptation of 
our tool could also be considered in high transmission 
settings, but it is not certain that the study findings can 
be extrapolated to areas, where HCPs see malaria cases 
almost daily. A rapid online tool based on similar prin-
ciples might prove useful and cost-effective, but its 
development should probably be based on a local iden-
tification of the priority problems in case management 
[19].

The adoption of our methodology in a program should 
be supplemented with the definition by a competent 
committee of a threshold value for to the maximum 
acceptable proportion of providers who do not manage 
cases of suspected malaria adequately. An additional 
threshold value could indicate a lower proportion of fail-
ures at which a given area must be prioritized for inter-
vention. With such thresholds defined, it should be easy 
to set up Lot Quality Assurance Sampling (LQAS) [20–
22] for large-scale application of the tool.

Strengths and limitations
The main strength was using malaria and health care 
experts for developing tool contents and constructs and 
conducting stratified random sampling and random 
assignment of the providers in two groups to control the 
between group error and bias in detecting HCPs’ failures.

SP methodology was considered the only option for 
a gold standard to assess the tool’s validity in an area, 
where indigenous and imported malaria is rare. It proved 
to be easy to train volunteers to simulate the role of sus-
pected malaria. Thanks to the good-will of laboratories, 
fake parasite positive results could be provided in 50% 
of SP cases for monitoring HCPs practice after being 
exposed to confirmed malaria cases.

Unfortunately, the proportion of HCPs failing in 
CMSM was high, from 73.3% in medical specialists to 
92.5% in CHWs. The fact that a travel history had to be 
actively elicited by the HCPs may have caused overes-
timation of the proportion of HCPs who would fail in 
CMSM in real life. Another reason for the high failure 
rates could be that the study was carried out during the 
covid-19 pandemic, when HCPs’ attention was to a large 
extent fixated on this one disease [23]. However, we pro-
vided/informed providers regarding COVID-19 negative 
test results in two methodologies.

Conclusions
The SMOT tool showed high validity and sensitivity for 
detecting HCPs’ failures and their practice in CMSM in 
a setting, where malaria transmission has been inter-
rupted. The study found that there were no significant 
differences in the validity of SP and tool methodologies 
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in detecting HCPs’ failures. Therefore, the SMOT tool 
can be used instead of a real malaria case in settings 
where malaria transmission is interrupted or malaria 
cases are rare to evaluate the HCPs’ practice and 
malaria surveillance systems in the CMSM.

While the tool and the SP methodology are liable 
to underestimate the performance that would likely 
be observed, if HCPs were faced with true malaria 
patients, the SMOT tool provides a relevant, sensitive, 
objective and efficient method for evaluating HCPs’ 
practice and the vigilance function of the surveillance 
system. It can easily be adapted to be applied also in 
settings, where malaria is close to elimination, but still 
transmitted at low level.
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